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High  Haergy  Oa id leers 

Polysesadansn  tanas 

Polycyclic  Ox id leers 

tr is (acylanlno ) ns thanes 

Ugh  Density  Ok  id  leers 

Iff or to  toward  the  synthesis  of  polycyclic  high  density,  high  energy  ok  id leers 
have  involved  examination  of  synthetic  psths  to  the  heKeeseedenentene  f ranswork 
Rentes  essoined  Inclods  condeneetlon  of  anidee  with  en  orthof ornate,  reaction 
of  tria(aeylesdno)  ns  thanes  with  orthof  omste  apd  cydisatloas  based  on 
acylatad  perbydrotr iasines .  The  cy cl  last ion  c heels try  of  a  pan tea sab Icy cl o- 
noaadlsas  is  alee  onder  investigation. 
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20.  Abstract  (continued) 

Several  routes  to  tatranitrasabicyclooctane  ("blcycllc  H 
also  been  examined  including  modification  of  the  preformed 
tetreesebicydooctaae  ring  system  and  cyclisation  approaches. 
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INTRODUCTION 


11m  object  of  this  program  has  boon  to  synthesise  end  evaluate  new 

f 

high  density*  high  energy,  polycyclic  nitraaine/nitro  containing  oxidizers 
for  solid  propellant/axploslve  applications. 

TECHNICAL  DISCUSSION 

A  direct  approach  to  the  development  of  new  high  energy  propellants 
with  improved  ballistic  characteristics  Involves  the  design,  synthesis,  and 
development  of  new  high  energy  oxldisers  as  HMX/ftDX  replacements.  The 
ideal  HMX/lDX  alternative  would  incorporate  many  physical  properties  superior 
to  HMX/RDX  in  addition  to  providing  propellant  compositions  with  much  in^roved 
ballistic  flexibility. 


Approach 

I 

In  considering  compounds  for  potential  use  as  new  high  energy  oxldisers, 
we  have  selected  organic  compounds  having  a  minimum  of  hydrogen  (favors  less 

water  formation  In  propellant  combustion  products  for  minimum  signature 

I 

exhaust  applications)  and  high  -N02  functionality  (favors  high  ejaergy  with  a 
minimum  loss  in  thermal  stability).  In  addition,  we  propose  to  Incorporate 
these  features  into  symmetrical  polycyclic  structures  resulting  La  the 

I 

advantages  outlined  below:  j 

1.  Increased  Density.  The  general  increase  in  density 

I 

observed  in  progressing  from  acyclic  through  monocyclic 

to  polycyclic  organic  structures  is  well  known  (e.g. , 

3  3 

graphite^.  I  g/cm  ,  diamond  ■  3.5  g/cm  ;  decane  •  0.73 

3  3  I 

g/cm  ,  cyclodecane  -  0.89  g/cm  ,  adaamatane  *  1.07! 

g/cm^) .  Application  of  this  general  trend  from  Bft  (1.9  g/cm3 

to  the  polycyclic  target  molecules  shown  below 
predicted  densities  of  >2  g/cm3  for 


these  compounds.  Furthermore,  calculation  of  estimated 
densities  from  empirical  atomic  volumes1  also  leads  to 
valuss  of  .>2  g/cm  for  the  target  compounds  proposed. 

2.  Increased  Energy.  All  the  proposed  target  molecules 

2 

possess  oxygen  balance  and  estimated  heats  of  formation 
superior  to  those  of  HMX. 

3.  Improved  Stability.  It  has  long  been  recognised  that  many 
polycyclic  structures,  such  as  the  adamantane  cage  system, 
impart  Increased  thermal  stability  to  the  hydrocarbon 

4 

molecule.  This  polycyclic  approach  to  improved  high 
energy  oxldisers,  as  exemplified  by  the  proposed  target 
molecules,  had  not  heretofore  been  examined.  Furthermore, 
the  proposed  nltramlne/nltro  functionalities  are  not 
expected  to  result  in  unfavorable  chemical  or  hydrolytic 
instability. 


1.  D.  A.  Clchra,  J.  Holden,  and  C.  Dickenson  Estimation  of  "Normal"  Densities 
of  Explosive  Compounds  from  Empirical  Atomic  Volumes,  Naval  Surface  Weapons 
Center  Report,  NSWC  TR-79-273.  February  19,1980. 

3 

2.  Estimated  heats  of  formation  are  calculated  using  a  method  developed  by 
A.  D,  Little,  Inc.,  and  extended  by  Thlokol /Wasatch.  However,  a  lack  of 
information  on  oxidising  functionality  incorporated  in  polycyclic  ring 
systems  readers  calculations  on  these  types  of  structures  difficult  and 
of  unknown  reliability  at  this  time. 

3.  "Calculation  of  Beata  of  Combustion  of  Organic  Compounds  from  Structural 
Features,"  A.  D.  Little,  Inc.,  Report,  Contract  DH19-020-ORD-47,  May  1952. 

A.  R.  C.  Fort,  Jr.,  "Adamantane,  the  Chemistry  of  Diamond  Molecules," 

Studies  la  Organic  Chemlatry  Series,  Vol.  5,  F.  G.  Gassman,  Ed,  Marcel 
Deckles,  Inc.,  New  York,  1976. 


4.  IriUitk  Tallorabllity.  The  cause  (•)  Involved  in  the 
problem  of  ballistic  inflexibility  of  HKX-RDX  oxidized 
propellant  systeaa  is  be  ini’,  investigated.^  The  synthesis 
of  the  new  high  energy  nitramine  oxidizers  proposed  here 
will  make  available  new  materials  for  ballistic  studies 
which  are  important  for  a  general  understanding  of 
structure  vs.  combustion  phenomenon. 

Examples  of  some  target  compounds  are  shown  below: 


NOo  NO2 


111 


L  p.  McCarty  in  14th  JAMMAP  Combustion  Meeting,  CP1A  Publication  292 
Vol.  1  p.  243,  0.  8.  Air  Pores  Academy,  August  1977. 


Little  i>  known  regarding  the  synthesis  of  such  polyaza,  polycyclic 
■olecules*  Work  has*  therefore,  been  directed  toward  the  developaent  of  new 
chemical  methods  for  the  construction  of  such  systems.  Recent  work  has  focused 


on  the  study  of  the  addition  of  polyfunctional  nitrogen  nucleophiles  to 
electron  deficient  nitrogen  hetrocycles  as  new  unexplored  routes  to  these 
compound  types. 

Synthesis 

Compound  I,  Hl,  N2,  N3,  N4,  N5,  N6  -  hexanitro  -  2,  4,  6,  8.  9.  10  - 


hexaazaadaman tane . 


02  N-N^ 
*  I  / 
o2n-n 


o2n-n 


n-no2 


The  hexaasaadanentane  ring  system  remains  unknown.  We  have  scrutinized  several 
viable  synthetic  routes  to  the  cage  structure. 

Earlier  we  examined  a  new  cydization  approach  to  hexaazaadaaantane  from 
the  supposedly  known  ®  pentaazablcyclo[3. 3.1]nonadiene  _1 . 


6.  Mather leads  Re tent,  6,900,  521) 


Abstracts,  44  2116s  (1966) 


«******£&> 


However,  under  all  conditions  examined,  no  evidence  has  been  obtained  for  the 
formation  of  the  desired  H-bensylpentaaxablcyclononadlene  8. 


4 


Attention  was  then  turned  to  the  reaction  of  s-trlazlne  9  with  bifunctional 
reagents  as  a  potential  new  route  to  the  pentaazabicydo[ 3. 3.1] nonane  system. 


Nucleophilic  reagents  are  known  to  add  to  electron  deficient  nlcrogen  hetro- 

A 

cycles  such  as  9.  The  reaction  of  1,3-ambident  nucleophiles  with  such  systems 

q 

may  Involve  blcycllc  Intermediates  which  have  been  Isolated  In  some  Instances. 


8.  H.  C.  Van  der  Plas,  "Ring  Transformations  of  Heterocydes,"  Academic  Press, 
M«r  Tork,  1973,  Vol.  2. 

9.  P.  Barcsynskl  and  H.  C.  Van  dar  Plas,  J.  Org.  Chen.,  1077  (1982). 


10 


10.  J.  J.  Fox,  T-L.  Su,  L.  Stempel ,  and  K.  Wa tenable,  J.  Org.  Chem ,  ££, 
1081  <1982). 


Particularly  intriguing  was  the  possible  cydization  of  methylenedinitraaine 
with  9  leading  to  10.  a  direct  precursor  of  the  target  oxidizer  II. 


0  • 

R  =  -NO2.  -COCHj 


Unfortunately,  methylenedinitramlne  and  s-triazine  are  unreactive  up  to  about 
100°  in  either  dimethylsulf oxide  or  pyridine  as  solvents.  Reactions  conducted 
at  higher  temperatures  resulted  in  decompositions  of  the  nitramine  as  judged 
by  following  the  reactions  by  NMR spectroscopy .  In  addition,  reactions  of  the 

triazlne  with  both  the  mono-  and  disodlum  salts  of  methylenedlnltramine  were 
unsuccessful.  Likewise,  neither  ethylenedinitramlne  nor  methylenebisacetamide 
appear  to  react  with  s-triazine  before  decomposition  occurs. 


NOa  N02 

♦  HNCH2CH2NH - 


H 


NO2 


In  contrast  to  the  above  results  with  weakly  nucleophilic  reagents, 
e nines  react  readily8  with  s-triazine  at  room  temperature  although  ethylene- 

g 

diamine  does  not  give  the  desired  bicyclic  product. 


H2NCH2CH2NH2 


0  *  h’ncmj*  — - 

H 

An  examination  of  the  reaction  of  s-triazine  with  methylenediamine  was 
therefore  initiated. 


H 


R  =  H 


Methylenediamine  is  known  in  the  form  of  its  salts  with  strong  mineral 
acids.11  However,  the  free  base  generated  from  these  salts  in  aqueous  solution 
is  unstable.  Furthermore,  s-triazine  readily  reacts  with  water.  Therefore, 
a  method  of  generating  methylenediamine  under  non-aqueous  conditions  was  sought. 


II.  P.  Knud sen.  Chem.  Ber.,  47,  2698  (1914).  R.  Ohms  and  E.  Schmity,  Chem. 
Bar.,  2 b  297  <1964). 


Carbamates  arc  reportedly  daaved  readily  to  the  free  aaine  under  neutral 

12 

conditions  with  trlaathylsllyl iodide.  However,  application  of  this  reaction 

13 

to  aethylenebisurethane  _U  proved  unsatisfactory  for  the  preparation  of  the 
free  dlanlne  due  to  the  difficulty  in  separating  the  products. 


H3COOCHNCH2NHCOO  CHs 

11 


_ L— 

(CH3)3SiI 


HjNCHjNHj 


An  alternate  aore  successful  approach  Involves  catalytic  hydrogenolysis  of 

14 

methyleneblsbenzylcarbamete  12. 

tCMsoOCMNCHsNMCOOCMst  HjNCHjNHj 

12 

Thus  hydrogenation  of  a  tetrahydrofuran  solution  of  J_2  over  10Z  palladium 
on  carbon  at  40  pal  and  room  temperature  leads  to  methylenedlamine  as  judged 
by  subsequent  conversion  to  the  known  methylenebisacetamlde  with  acetic 
anhydride.  Attempted  isolation  of  the  bisamine  as  well  as  an  examination 
of  its  reaction  with  a-trlatine  are  underway. 


12.  M.  Jung  and  N.  Lystar ,  Cham.  Comnun.,  315  (1978).  R.  Lott,  V.  Chaukan, 
and  C.  Staaner,  Ibid.  495  TT5755T 

13.  N.  Conrad  and  K.  Hock,  Chen.  Bar. ,  2206  (1903) . 


14.  Prepared  from  banaylcarbaaste  and  paraformaldehyde  in  a  malt  at  100*  n.p 
148-149*  (from  acetonitrile) 


He  hav*  undertaken  the  ayntheaia  of  the  unknown  fcr isaninons thane  JL3 
in  order  to  it*  reaction  with  s-trlaalne  aa  a  route  to  haxaa saadamantane 


O  *  "S" 


13 


A  few  aubatltutad  triaaminonethanes  have  been  reported.15  In  the  presence 
of  excaaa  acid,  the  conpounds  tend  to  lose  one  aalne  group  with  the  formation 
of  foraamidlnaa.  This  fact  precludes  the  preparation  of  13  via  acid  hydrolysis 
of  tris(formyla*ino)aathane16  analagous  to  the  preparation  of  dlaminomethane 
salt*  from  bia(foraylanino)methane. 1 1  He  therefore  examined  the  previously 
mentioned  trimsthylsilyl iodide  cleavage  of  carbamates  as  a  route  to  13. 

Inaction  of  tria (carboethoxyanino)methane  _1417  with  the  silyllodide  In 
refluxing  chloroform  lead  to  the  formation  of  formamidlne  (isolated  as  the 
hydrochloride)  perhaps  due  to  the  temperature  involved. 


15.  T.  J.  Atkins,  J .  Anar .  Chen.  Soc . ,  102.  6364  (1980).  J.  Erhard t ,  E.  Grover, 
and  J.  W.  Vast.  J.  Anar.  Chan.  Soc.,  102,  6365  (1980)  and  references 
therein. 

16.  H.  Bredereck,  G.  Goapper ,  H.  Renpfer,  K.  Klem,  and  R.  Keck,  Qiem.  Ber. , 

2 £.  329  (1959). 

17.  V.  Crakauakas,  J.  Org.  Chan.,  36,  3251  (1971). 


MM  COO  CMjCMj 

M<NMeOOCN|eHS 
NM  COO  CM*  CM) 


(CH3)38iI 


<H 

", 


Sine*  benzyl  carbaaates  are  reported  to  be  cleaved  by  trlaethylallyllodlde 

12 

auch  acre  rapidly  than  alkyl  carbaaates  ,  the  tria (carbobenzyloxyaaino) 

18 

•ethane  15  aae  prepared  and  Its  reaction  with  trlaethylsllyllodide  at 
rooa  teaperature  wee  examined .  However,  to  date  we  have  been  unable  to 
confine  the  eucceee  of  this  reaction. 


NHCOOCNat 
frfrC-NNCOOCMj^ 
NMCOO  CN]^ 


nh2 

h-c-nm2 

IlH. 


in  view  of  our  earlier  suecees  in  hydrogenolysia  of  benzylcarbaaatee  in  the 
preparation  of  diaalnoae  thane ,  we  intend  to  apply  this  aethodology  to  J_5  in 
the  near  future. 

The  reaction  of  nltroguanldine  with  s-trlarine  in  dlaethylforaaide  or 

dlae thy sulfoxide  at  150*  leads  to  nitraainotrlazine  16  and  not  the  desired 
19  1 

bicycllc  systea  17.  Using  B  MMR.we  have  so  far  been  unable  to  determine 
whether  or  not  17  is  an  intermediate  in  the  formation  of  16. 


18.  Prepared  by  the  aethod  of  Crakauskas  ^  using  bensyl  carbaaate  In  place  of 
ethycarbaaate .  a.  p.  209-210*  (froa  acetonitrile). 

19.  An  analogous  result  is  obtained  with  guanidine.** 


12  3  4 

Compound  II,  N  ,  N  ,  N  ,  N  -tetranitro-2,4,6,8-tetraazabicydo[3.3.0]octane 


("blcyclic  HMX"). 


NO2  n°2 

It  i. 

00 

t  l 

N02  N02 


A  number  of  attempts  were  made  to  construct  blcyclic  HMX  or  an  appropriately 
substituted  precursor  via  several  cyclization  routes. 


♦RHNCH2NHR - 


R  =  -H,  -N02.  -COCH3 


However,  to  date,  we  have  been  unsuccessful  in  obtaining  the  desired  tetra- 
asablcydooctane  ring  system  ^18  from  these  experiments. 

Particularly  frustrating  has  been  the  failure  of  tetranltraminoethane 
to  cydise  to  11  with  formaldehyde. 


20 


20.  P.  Zhongll  and  W.  Daosheng ,  Acta  Armamantall,  2  (3) .  23  (1980) 


Attention  waa  then  directed  toward  the  preparation  of  the  desired  aza 

21 

bicycloactane  ring  ayates  J_9  from  the  known  imidazo[ 4 , 5-d ] imidazole  20. 


21.  J.  P.  Parr la  and  P.  Antonucci,  J.  A»ar.  Chen.  Soc.,  2010  (1974). 


Catalytic  reduction  of  20  over  rhodium  la  expected  to  load  to  the 

tetraasablcyclooctane  19.  Nitration  or  nitrosatlon  of  J_9  followed  by  oxidation 

should  lead  to  II.  Alternately*  nitrolysis  of  21  obtained  either  directly 

fro*  20  or  via  _19  also  should  lead  to  the  desired  oxidizer  n. 

21 

Initial  attempts  to  prepare  20  via  the  reported  photochemical  cyclization 
net  with  soma  difficulty.  In  our  hands,  irradiation  of  22  has  lead  only  to 
intermediate  iaidasole  23,  with  none  of  the  desired  bicydic  20  yet  detected. 


In  another  approach  to  compound  20  we  have  examined  routes  to  the  synthesis 
of  the  unknown  4, 5-diamino- imidazole  24.  It  ms  hoped  that  cyclization  reactions 
of  24  would  lead  to  20  or  partially  hydrogenated  derivatives  (e.g.,  25) ■ 


oc—  <x 


CHao 


H 


0} 

H  H 

25 


HCtOft*)) 


✓T\ 


22.  P.  N.  Ky lander,  "Catalytic  Hydrogenation  in  Organic  Synthesis," 
Academic  Press,  New  York,  1979,  Chap.  11  and  12. 


Howviii  to  data*  oil  •ttMfti  to  hydrogenate  the  known  4,5- 
dlnltroialdasole  24  hovo  load  to  dark  raaetlon  nix turns  from  which  tha 
deairad  d Ionian  24  has  yot  to  bo  laolatad. 

For  tbla  raaooo  an  al tomato  routo  to  dlaaine  24  was  devised. 


28 


24 

Coodaaaatloo  of  dlaalnofurasan  27  with  triaothyl  orthoforwoto  gavo  tho 
uncydlsod  adduct  J|  and  not  tha  daslrod  b icy c lie  systow  29 .  Tho  uao  of  higher 
boiling  orthoforastea  to  forco  tho  reaction  will  bo  attonptod. 


28.  8.  Novikov*  L.  Khwol 'nltakil.  0.  Lobodov,  V.  Savnot'ynnovn.  and 

L.  Igeahlao,  Khin.  Qatar,  load..  503  (1970). 


